In Tokyo Metropolitan University, the horizontal and vertical array earthquake observations has begun in June 1994 at the five stations (k1-k5) on the ground surface and bedrock (k6: -30 m depth) at Zushi-site. More than 200 medium and small earthquakes with the magnitude 5.0-7.3 were recorded between 1994 and 2012. At the 2011 off the Pacific coast of Tohoku Earthquake (EQ.3.11 M = 9.0), the largest surface ground acceleration (k1 = 124.5 gal, k6 = 45.5 gal) of the horizontal component was recorded. Main results were obtained as follows: (1) the surface ground motion characteristics of Zushi-site were examined using the observed data (k1 & k6) of EQ.3.11, the past-observed smaller earthquakes (EQ.1 & EQ.10.08) and aftershock (EQ.12.3), respectively. The non-liner seismic response characteristics of the surface ground at Zushi-site were verified during EQ.3.11. (2) The ground structure models were examined and identified by the modal analyses and the FEM (finite element method) identification analyses using the observed acceleration data of EQ.3.11 and the past observed smaller earthquakes. (3) Moreover, the three dimensional seismic response analyses were performed by TDAPⅢ (time domain 3-dimensional dynamic analysis program), using k6 for input motions and identified ground structure model, and evaluated the dynamic behaviours of the surface ground. The calculated results agreed well with the observed ones.
Introduction
The 2011 off the Pacific coast of Tohoku Earthquake (EQ.3.11) that occurred on March 11, 2011, recorded the domestic observation history of the largest magnitude Mw = 9.0 and the hypocentral region of this earthquake extended from offshore Iwate Prefecture to offshore Ibaraki Prefecture with a length of 500 km and a width of 200 km.
Tsunami waves climbed more than 10 m with the 
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where, the modal participation function is a constant independent of . is the unit vector.
Numerical Model Identification Analysis Method
The purpose of the identification analysis is to grasp dynamic characteristics of the object system depending on the Eq. (1) adjusted by evaluating the squared residuals between the solutions of Eq. (1) and the observed records. Where, as the observed record, the transfer function (Eq. (3)) obtained from the modal analysis is used.
By the way, because the transfer function T (ω, P)
is nonlinear with respect to the material property value.
So, in this method, the function is linearized with respect to the adjustment quantity by Taylor's theorem and is used, and the most probable value δP n is calculated in conditions of the residual minimization.
However, that quantity is calculated indirectly as follows.
The linearized transfer function is expressed as follows by using the perturbation theory.
where, ∂ / ∂ ∆ is a function of the first order shift of r λ and u r for the perturbation ∆ , and it is a known quantity. P is the vector quantity denoting the material property value, and P 0 is the initial value. N is number of the material properties. The expansion coefficient a n is obtained from the residual minimization, and the most probable value of the adjustment quantity δP n = a n △P n is calculated.
The above-mentioned calculations are iterated until the rate of change of the squared residuals or the adjustment quantity ∂ becomes lower than the predetermined value.
The Ground Structure Models Estimated by Modal Analysis and the FEM Identified Analysis
The main results were obtained as follows. Table 1 and 2 show the identified soil properties (shear wave velocity (Vs: m/s) and damping factor: h (%)) of the three ground structure models, using EQ.1 *Case1 ≌ C 3) The three dimensional ground structure models were examined and identified by the modal analysis and the FEM identification analysis using the past observed earthquake and the 2011 off the Pacific coast of Tohoku Earthquake acceleration data.
(4) The seismic responses of the surface ground Zushi-site during the 2011 off the Pacific coast of Tohoku Earthquake were verified using identified models and the observed earthquake data by TDAPIII.
(5) The vertical response of the surface ground was occurred at irregular ground due to the horizontal input motions.
(6) These results will be useful for seismic disaster mitigation and seismic design of the structures in Zushi-site.
